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(54)
DEVICE

(57)  Avehicle is parked in a preferable bearing that
corresponds to an obstacle present around a parking re-
gion. A parking assistance device (100) includes a park-
ing region detection unit (133) that detects a parking re-
gion (300), a parking direction specification unit (134)
that specifies a parking direction in a case where a sub-

ject vehicle (5) is parked at the parking region (300), an

obstacle detection unit (132) that detects an obstacle, a
detection range setting unit (136) that sets a detection
range (350) for detecting a bearing of the obstacle, a
division unit (137) that divides the detection range (350)
in a direction associated with the specified parking direc-
tion and generates plural divided ranges, a bearing cal-
culation unit (138) that calculates a bearing of the detect-
ed obstacle, which is a bearing of a side surface of the
obstacle which extends in the parking direction, for each
of the divided ranges and calculates an average value
of the bearings of the obstacle which are respectively
calculated for the divided ranges, and a parking position
setting unit (139) that sets a parking position in a case
where the subject vehicle (5) is parked at the parking
region (300) based on the calculated average value of
the bearings.
(Figure 1)
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a parking as-
sistance device and a control method of a parking assist-
ance device.

Description of the Related Art

[0002] In recent years, studies and development of
parking assistance devices that assist parking of a vehi-
cle ata parking position have been actively made. In such
parking assistance devices, a parking assistance device
has been known which automatically decides a direction
of a vehicle in parking the vehicle in the parking position.
For example, a parking assistance device in Japanese
Patent Laid-open No. 2006-193011 includes means of
deciding a target parking position, means of detecting an
obstacle present around the target parking position, and
means of estimating a direction of each obstacle present
on both sides of the target parking position based on
detection information of an obstacle, decides a target
parking direction as a direction of a vehicle in the target
parking position based on estimated directions of both
obstacles, and assists vehicle travel to the target parking
position such that the target parking direction is realized.

SUMMARY OF THE INVENTION

[0003] However, in a case where obstacles such as
another vehicle and a curb are present around a parking
region, it is demanded that a vehicle be stopped in a
preferable bearing that corresponds to those obstacles.
A parking assistance device disclosed in Japanese Pat-
ent Laid-open No. 2006-193011 includes means of esti-
mating a direction of an obstacle but may not park the
vehicle in a preferable bearing that corresponds to the
direction of the obstacle in a case where precision of
estimation of the direction of the obstacle is low.

[0004] One aspect of the present invention has been
made in consideration of the above circumstance, and
an object is to park a vehicle in a preferable bearing that
corresponds to an obstacle present around a parking re-
gion.

[0005] To achieve the above object, a parking assist-
ance device of one aspect of the present invention in-
cludes: a parking region detection unitthat detects a park-
ing region at which a vehicle on which the parking assist-
ance device is mounted is capable of being parked; a
parking direction specification unit that specifies a park-
ing direction in a case where the vehicle is parked at the
parking region; an obstacle detection unit that detects an
obstacle present around the vehicle; a detection range
setting unit that sets a region which includes the parking
region and a region which neighbors the parking region,

10

15

20

25

30

35

40

45

50

55

as a detection range for detecting a bearing of the ob-
stacle; a division unit that divides the detection range in
a direction which is associated with the parking direction
specified by the parking direction specification unit and
generates plural divided ranges; a bearing calculation
unit that calculates a bearing of the obstacle detected by
the obstacle detection unit, which is a bearing of a side
surface of the obstacle which extends in the parking di-
rection, for each of the divided ranges and calculates an
average value of the bearings of the obstacle which are
respectively calculated for the divided ranges; and a
parking position setting unit that sets a parking position
in a case where the vehicle is parked at the parking re-
gion, based on the average value of the bearings which
is calculated by the bearing calculation unit.

[0006] The parking assistance device may be config-
ured such that the detection range includes a first detec-
tion range that includes the parking region and a second
detection range and a third detection range that neighbor
the first detection range, the division unit divides each of
the first detection range, the second detection range, and
the third detection range into plural portions and gener-
ates the divided ranges, the bearing calculation unit cal-
culates an average value of bearings of the obstacle for
each of the detection ranges, which are the first detection
range, the second detection range, and the third detec-
tion range, and outputs the average value of the bearings
of the obstacle in the first detection range in a case where
the bearings of the obstacle are calculated in the divided
ranges resulting from division of the first detection range.
[0007] The parking assistance device may be config-
ured such that in a case where the bearings of the ob-
stacle are not calculated in the divided ranges resulting
from division of the first detection range, the bearing cal-
culation unit respectively calculates the average value of
the bearings of the obstacle, which are calculated in the
divided ranges resulting from division of the second de-
tection range, and the average value of the bearings of
the obstacle, which are calculated in the divided ranges
resulting from division of the third detection range, and
outputs an average value of the calculated average value
of the bearings of the obstacle in the second detection
range and the calculated average value of the bearings
of the obstacle in the third detection range.

[0008] The parking assistance device may be config-
ured to further include a tentative parking space setting
unit that sets a tentative parking space for parking the
vehicle in the parking region and may be configured such
that the bearing calculation unit obtains a bearing of the
tentative parking space setby the tentative parking space
setting unit, excludes the bearings, whose differences
from the bearing of the tentative parking space are a
threshold value set in advance or greater, from the bear-
ings of the obstacle that are respectively calculated for
the divided ranges, and calculates the bearing of the ob-
stacle for each of the detection ranges, which are the first
detection range, the second detection range, and the
third detection range.
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[0009] The parking assistance device may be config-
ured such that the division unit divides the detection
range in a direction orthogonal to a front-rear axis direc-
tion of the vehicle as the direction associated with the
parking direction in a case where the parking direction
specified by the parking direction specification unit is a
direction in parallel with the front-rear axis direction of
the vehicle and divides the detection range in a direction
orthogonal to a width direction of the vehicle as the di-
rection associated with the parking direction in a case
where the parking direction specified by the parking di-
rection specification unit is a direction in parallel with the
width direction of the vehicle.

[0010] To achieve the above object, a control method
of a parking assistance device of one aspect of the
present invention includes: a parking region detection
step of detecting a parking region at which a vehicle on
which the parking assistance device is mounted is capa-
ble of being parked; a parking direction specification step
of specifying a parking direction in a case where the ve-
hicle is parked at the parking region; an obstacle detec-
tion step of detecting an obstacle present around the ve-
hicle; a detection range setting step of setting a region
thatincludes the parking region and a region which neigh-
bors the parking region, as a detection range for detecting
a bearing of the obstacle; a division step of dividing the
detection range in a direction which is associated with
the parking direction specified by the parking direction
specification step and generating plural divided ranges;
a bearing calculation step of calculating a bearing of the
obstacle detected by the obstacle detection step, which
is a bearing of a side surface of the obstacle which ex-
tends in the parking direction, for each of the divided rang-
es and calculating an average value of the bearings of
the obstacle which are respectively calculated for the di-
vided ranges; and a parking position setting step of set-
ting a parking position in a case where the vehicle is
parked at the parking region based on the average value
of the bearings which is calculated by the bearing calcu-
lation step.

[0011] The control method of a parking assistance de-
vice may be configured such that the detection range
includes a first detection range that includes the parking
region and a second detection range and a third detection
range that neighbor the first detection range, in the divi-
sion step, each of the first detection range, the second
detection range, and the third detection range is divided
into plural portions, and the divided ranges are generat-
ed, in the bearing calculation step, an average value of
bearings of the obstacle is calculated for each of the de-
tection ranges, which are the first detection range, the
second detection range, and the third detection range,
and the average value of the bearings of the obstacle in
the first detection range is output in a case where the
bearings of the obstacle are calculated in the divided
ranges resulting from division of the first detection range.
[0012] The control method of a parking assistance de-
vice may be configured such that in the bearing calcula-
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tion step, in a case where the bearings of the obstacle
are not calculated in the divided ranges resulting from
division of the first detection range, the average value of
the bearings of the obstacle, which are calculated in the
divided ranges resulting from division of the second de-
tection range, and the average value of the bearings of
the obstacle, which are calculated in the divided ranges
resulting from division of the third detection range are
respectively calculated, and an average value of the cal-
culated average value of the bearings of the obstacle in
the second detection range and the calculated average
value of the bearings of the obstacle in the third detection
range is output.

[0013] The control method of a parking assistance de-
vice may be configured to further include a tentative park-
ing space setting step of setting a tentative parking space
for parking the vehicle in the parking region and may be
configured such that in the bearing calculation step, a
bearing of the tentative parking space set by the tentative
parking space setting step is obtained, the bearings,
whose differences from the bearing of the tentative park-
ing space are a threshold value setin advance or greater,
are excluded from the bearings of the obstacle that are
respectively calculated for the divided ranges, and the
bearing of the obstacle is calculated for each of the de-
tection ranges, which are the first detection range, the
second detection range, and the third detection range.
[0014] The control method of a parking assistance de-
vice may be configured such that in the division step, the
detection range is divided in a direction orthogonal to a
front-rear axis direction of the vehicle as the direction
associated with the parking direction in a case where the
parking direction specified by the parking direction spec-
ification step is a direction in parallel with the front-rear
axis direction of the vehicle and the detection range is
divided in a direction orthogonal to a width direction of
the vehicle as the direction associated with the parking
direction in a case where the parking direction specified
by the parking direction specification step is a direction
in parallel with the width direction of the vehicle.

[0015] Inone aspectof the presentinvention, a vehicle
may be parked in a preferable bearing that corresponds
to an obstacle present around a parking region.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a diagram that illustrates a configuration of
a parking assistance device;

FIG.2is adiagram thatillustrates mounting positions
of a sensor unit and an image-capturing unit;

FIG. 3 is a diagram that illustrates one example of a
map;

FIG. 4 is a diagram that illustrates parallel parking;

FIG. 5is adiagram that illustrates side-by-side park-
ing;

FIG. 6 is a diagram that illustrates a state where a
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subject vehicle is parked at a parking region for par-
allel parking;

FIG. 7 is a diagram that illustrates a state where the
subject vehicle is parked at a parking region for side-
by-side parking;

FIG. 8 is a diagram that illustrates a state where the
parking region is seen from above;

FIG. 9 is a diagram that illustrates a detection range
in a case of parallel parking;

FIG. 10 is a diagram that illustrates one example of
the map in which the detection range is set;

FIG. 11 is a diagram that illustrates a state where
the detection range is divided into plural divided
ranges;

FIG. 12 is a diagram that illustrates a case where
the detection range is excluded;

FIG. 13 is a diagram that illustrates the detection
range in a case of side-by-side parking; and

FIG. 14 is a flowchart that illustrates an action of the
parking assistance device.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] An embodiment to which the present invention
is applied will hereinafter be described with reference to
the attached drawings.

[0018] FIG. 1 is a block diagram that illustrates a con-
figuration of an in-vehicle device 1.

[0019] Thein-vehicle device 1is adevice thatis mount-
ed on a vehicle and controls travel of a vehicle on which
the in-vehicle device 1 is mounted. In the following, the
vehicle on which the in-vehicle device 1 is mounted will
be denoted as subject vehicle 5, and vehicles other than
the subject vehicle 5 will be denoted as other vehicles 7
and thereby be distinguished from the subject vehicle 5.
[0020] The subject vehicle 5 is a vehicle that travels
by a driving operation by a driver and is a vehicle that is
capable of being driven by autonomous driving by com-
puter control without the driving operation by the driver.
The subject vehicle 5 is a vehicle such as a four-wheeled
vehicle driven by an engine, an electrically driven vehicle
driven by a motor, or a hybrid vehicle on which a motor
and an engine are mounted, for example, and may be a
vehicle other than a four-wheeled vehicle.

[0021] The in-vehicle device 1 includes a sensor unit
10, an image-capturing unit 30, a navigation device 50,
a storage unit 70, a vehicle control unit 90, and a parking
assistance device 100. Those units are connected to-
gether by a communication bus such as a controller area
network (CAN) 150, for example, such that mutual data
communication is possible.

[0022] FIG.2is adiagram thatillustrates mounting po-
sitions of the sensor unit 10 and the image-capturing unit
30 in the subject vehicle 5.

[0023] Thesensorunit 10 includes plural ultrasonic so-
nars. In the following, ultrasonic sonar will simply be de-
noted as sonar. The sensor unit 10 of this embodiment
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includes six sonars of sonars 15a to 15f.

[0024] The sonar 15a is attached to a front bumper or
a front grille of the subject vehicle 5, and the sonar 15b
is attached to a rear bumper or a rear garnish of the sub-
jectvehicle 5. The sonar 15c is attached to a front portion
on a left side of the subject vehicle 5, and the sonar 15d
is attached to a rear portion on the left side of the subject
vehicle 5. The sonar 15e is attached to a front portion on
a right side of the subject vehicle 5, and the sonar 15f is
attached to a rear portion on the right side of the subject
vehicle 5.

[0025] Eachofthe sonars 15ato 15femits an ultrasonic
wave toward a prescribed angle range around the subject
vehicle 5. Each of the sonars 15a to 15f detects the dis-
tance to an obstacle by using a time difference between
emission of the ultrasonic wave and reception of a re-
flected wave of the ultrasonic wave, which is reflected by
the obstacle. Each of the sonars 15a to 15f detects a
direction in which the obstacle is present by a reception
direction of the reflected wave. Each of the sonars 15a
to 15f outputs information that indicates detected dis-
tance and bearing of the obstacle (hereinafter referred
to as detection information) to the parking assistance de-
vice 100. The parking assistance device 100 temporarily
stores the input detection information in a memory 110.
[0026] The image-capturing unit 30 includes a front
camera 31, a left side camera 33, a right side camera
35, and a rear camera 37. Each of the front camera 31,
the left side camera 33, the right side camera 35, and
the rear camera 37 includes an image sensor such as a
charge-coupled device (CCD) or a complementary met-
al-oxide-semiconductor (CMOS) and a data processing
circuit that generates a captured image based on a light
reception state of the image sensor. Angles of view of
the front camera 31, the left side camera 33, the right
side camera 35, and the rear camera 37 are adjusted
such that it becomes possible to capture images in a
range of 360° around the subject vehicle 5 as a center
by those four cameras. Each of the front camera 31, the
left side camera 33, the right side camera 35, and the
rear camera 37 captures animage in animage-capturing
range at a prescribed frame rate and thereby generates
a captured image. The image-capturing unit 30 outputs
the generated captured image to the parking assistance
device 100. The parking assistance device 100 tempo-
rarily stores the input captured image in the memory 110.
[0027] The front camera 31 is attached to a tip end
portion of a front grille or the like, a back surface of arear
view mirror in a vehicle interior, or the like, for example,
and captures an image of a front area, which includes a
road surface, of the subject vehicle 5 at a prescribed
frame rate. The front area of the subject vehicle 5 repre-
sents a direction toward a wind shield as seen from the
driver seated on a driver seat.

[0028] The right side camera 35 is attached to a right
side-view mirror, for example, and captures an image of
a right section, which includes a road surface, of the sub-
ject vehicle 5 at a prescribed frame rate. The left side
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camera 33 is attached to a left side-view mirror, for ex-
ample, and captures an image of a left section, which
includes a road surface, of the subject vehicle 5 at a pre-
scribed frame rate.

[0029] The rear camera 37 is attached to an opening
lever of arear gate, arear spoiler, or the like, forexample,
and captures an image of a rear area, which includes a
road surface, of the subject vehicle 5 at a prescribed
frame rate. The rear area of the subject vehicle 5 repre-
sents a direction opposite to the front area of the subject
vehicle 5 and toward a rear window as seen from the
driver seated on the driver seat.

[0030] The number of cameras included in the image-
capturing unit 30 and arrangement are examples and
may arbitrarily be changed. That is, the number of cam-
eras provided to the subject vehicle 5 may be more or
less as long as it is possible to capture images of a range
of 360° around the subject vehicle 5 as the center.
[0031] The navigation device 50 receives a positioning
signal transmitted from a Global Positioning System
(GPS) satellite and calculates the latitude and longitude
as an absolute position of the subject vehicle 5 based on
the received positioning signal. The navigation device 50
includes an operation unit, which is not illustrated, and
searches for an optimal guiding route that connects the
present position with a destination when an input of the
destination is accepted by the operation unit. Further, the
navigation device 50 includes a display unit 55 that in-
cludes a display and causes the display unit 55 to display
the guiding route obtained by the search or guidance
display for a riding person.

[0032] The storage unit 70 is configured with an aux-
iliary storage device such as a hard disk drive (HDD) and
a solid state drive (SSD), for example. The storage unit
70 stores map data 75 that is used when the navigation
device 50 searches for the guiding route or displays route
guidance which includes the guiding route obtained by
the search.

[0033] The vehicle control unit 90 controls travel of the
subject vehicle 5. The vehicle control unit 90 controls
driving mechanisms such as an engine, steering, a brake,
and a transmission and causes the subject vehicle 5 to
travel along a route calculated by the parking assistance
device 100. Here, the vehicle control unit 90 detects an
obstacle based on the detection information by the sen-
sor unit 10 or a captured image by the image-capturing
unit 30 and moves the subject vehicle 5 to a parking po-
sition as a target position while avoiding collision with the
detected obstacle.

[0034] The parking assistance device 100 detects a
parking region 300 (see FIG. 4) at which the subject ve-
hicle 5 is capable of being parked based on the detection
information by the sensor unit 10 or a captured image by
the image-capturing unit 30. The parking assistance de-
vice 100 sets the parking position of the subject vehicle
5 in the detected parking region 300 and calculates a
parking route that reaches the set parking position.
[0035] Next, the parking assistance device 100 will be
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described.

[0036] The parking assistance device 100 is config-
ured with an electronic control unit (ECU) as a computer
device that includes the memory 110 and a processor
130.

[0037] The memory 110 includes a non-volatile stor-
age device and a volatile storage device. The memory
110 may be configured only with a non-volatile storage
device. A non-volatile storage device is configured with
a read-only memory (ROM) or a flash memory, for ex-
ample, and a volatile storage device is configured with a
random access memory (RAM), for example.

[0038] The non-volatile storage device stores a control
program 115. The volatile storage device stores the de-
tection information by the sensor unit 10, a captured im-
age generated by the image-capturing unit 30, or the like.
[0039] The processor 130 is an arithmetic processing
device that is configured with a central processing unit
(CPU) or a micro-processing unit (MPU). The processor
130 executes the control program 115 and controls each
unit of the in-vehicle device 1. The processor 130 may
be configured with a single processor or may be config-
ured with plural processors. The processor 130 may be
configured with a system on chip (SoC) that is integrated
with a portion or whole of the memory 110 or another
circuit. The processor 130 may be configured with a com-
bination of a CPU that executes a program and a digital
signal processor (DSP) that executes prescribed arith-
metic processing. In addition, all functions of the proces-
sor 130 are implemented in hardware or may be config-
ured by using a programmable device.

[0040] The parking assistance device 100 includes an
image processing unit 131, an obstacle detection unit
132, a parking region detection unit 133, a parking direc-
tion specification unit 134, a tentative parking space set-
ting unit 135, a detection range setting unit 136, a division
unit 137, abearing calculation unit 138, a parking position
setting unit 139, and a parking route calculation unit 140
as function blocks. Those function blocks denote func-
tions, which are realized by executing command sets de-
scribed in the control program 115 and performing com-
putation of data and control by the processor 130, by
blocks.

[0041] The image processing unit 131 reads out cap-
tured images from the memory 110. The captured images
are images that are captured by the front camera 31, the
left side camera 33, the right side camera 35, and the
rear camera 37. The image processing unit 131 trans-
forms the coordinates in a coordinate system set for the
captured image which is read out into the coordinates in
a world coordinate system by a known transformation
formula and calculates pixel values at the coordinates of
the world coordinate system. The world coordinate sys-
tem is a coordinate system in which the center of the
subject vehicle 5, for example, such as the center of an
axle of front wheels or the center of gravity of the vehicle
is set as the origin, the front-rear direction of the subject
vehicle 5 is set as Y axis, and the left-right direction is
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set as X axis, for example. An image that is transformed
into pixel values at the coordinates of the world coordi-
nate system will be referred to as "transformed image"
in the following.

[0042] The obstacle detection unit 132 detects an ob-
stacle present around the subject vehicle 5 based on the
detection information by the sensor unit 10 or a captured
image by the image-capturing unit 30. Obstacles detect-
ed by the obstacle detection unit 132 include fixed ob-
stacles such as a curb, a guard rail, a wall, and a fence
that are present on a road or the like on which the subject
vehicle 5 travels, in addition to the other vehicles 7.
[0043] FIG. 3is adiagram thatillustrates one example
of a map 200.

[0044] The obstacle detection unit 132 records data
that indicates the distance or bearing of an obstacle
present around the subject vehicle 5 by analyzing the
detection information by the sensor unit 10 or the trans-
formed image, on the map 200. The map 200 is gener-
ated in a storage region of the volatile storage device
included in the memory 110, for example. In the map
200, a coordinate system is set in which the center of the
subject vehicle 5, for example, such as the center of the
axle of the front wheels or the center of gravity of the
vehicle is set as the origin, the front-rear direction of the
subject vehicle 5 is set as Y axis, and the left-right direc-
tion is set as X axis. That is, the coordinate system of the
map 200 corresponds to the world coordinate system.
[0045] In a case where an obstacle is detected based
on the detection information by the sensor unit 10, the
obstacle detection unit 132 records data on the map 200
based on the bearing or distance of the detected obsta-
cle. In a case where an obstacle is detected based on
the transformed image, the obstacle detection unit 132
also records data on the map 200 based on the bearing
or distance of the detected obstacle. Specifically, the ob-
stacle detection unit 132 records data, which indicates
that the obstacle is present, in the position on the map
200 that corresponds to the bearing or distance of the
detected obstacle. The map 200 illustrated in FIG. 3 il-
lustrates a state where data 210 are recorded in the po-
sitions on the map 200 that correspond to the bearings
or distances of the detected obstacles.

[0046] The parking region detection unit 133 detects
the parking region 300. The parking region 300 is aregion
that has an expanse in which the subject vehicle 5 is
capable of being parked, does not hinder travel of the
other vehicle 7 when the subject vehicle 5 is parked, and
is not a place in which parking or stopping is prohibited
such as a parking-stopping prohibited roadside zone, a
pedestrian roadside zone, a parking-stopping prohibited
place, or a stopping prohibited place.

[0047] The parking region detection unit 133 acquires
map data 75 from the navigation device 50. The map
data 75 is a map of a prescribed range that includes the
latitude and longitude of the present position of the sub-
ject vehicle 5 which are calculated by the navigation de-
vice 50 based on the positioning signal. The parking re-
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gion detection unit 133 acquires the map 200 detected
by the obstacle detection unit 132.

[0048] The parking region detection unit 133 first de-
tects a region, in which an obstacle such as the other
vehicle 7 is not present and which does not hinder travel
of the other vehicle 7 and has an expanse of a set size
which is set in advance or larger, based on the acquired
map 200. When the region is detected, the parking region
detection unit 133 refers to the map data 75 and deter-
mines whether or not the detected region is a place in
which parking or stopping is prohibited such as a parking-
stopping prohibited roadside zone, a pedestrian roadside
zone, a parking-stopping prohibited place, or a stopping
prohibited place. In a case where the detected region is
a place in which parking or stopping is prohibited, the
parking region detection unit 133 again performs detec-
tion of a region. In a case where the detected region is
not a place in which parking or stopping is prohibited, the
parking region detection unit 133 specifies the detected
region as the parking region 300. The parking region de-
tection unit 133 sets the detected parking region 300 on
the map 200 illustrated in FIG. 3.

[0049] The parking direction specification unit 134
specifies a parking direction in a case where the subject
vehicle 5 is parked at the parking region 300. For exam-
ple, the parking direction specification unit 134 deter-
mines the parking direction by determining a type of park-
ing. The types of parking include parallel parking and
side-by-side parking. Parallel parking is a form in which
the subject vehicle 5 is parked such that the other vehi-
cles 7 and the subject vehicle 5 are aligned along the
direction of a front-rear axis 8 of the subject vehicle 5(see
FIG. 6). Side-by-side parking is a form in which in a case
where the subjectvehicle 5 is parked at the parking region
300, the subject vehicle 5 is parked such that the other
vehicles 7 and the subject vehicle 5 are aligned along a
width direction 9 of the subject vehicle 5 (see FIG. 7).
[0050] FIG. 4 illustrates a case where a parking mode
to the parking region 300 is parallel parking, and FIG. 5
illustrates a case where the parking mode to the parking
region 300 is side-by-side parking. The regions indicated
by being surrounded by broken lines in FIG. 4 and FIG.
5 are the parking region 300. In FIG. 4, a curb 420 is
provided on the left side of the other vehicles 7, and the
other vehicles 7 are parked along the curb 420. The sub-
ject vehicle 5 is in a state of slowly traveling or being
temporarily stopped on a passage 410. FIG. 4 illustrates
a state where the other vehicles 7 are parked on both
sides in the longitudinal direction of the parking region
300, but the other vehicles 7 may be parked only on one
side in the longitudinal direction of the parking region
300. FIG. 5 illustrates a state where the other vehicles 7
are parked on both sides in the lateral direction of the
parking region 300, but the other vehicles 7 may be
parked only on one side in the lateral direction of the
parking region 300.

[0051] In a case where a side surface of the other ve-
hicle 7 parked at a neighboring region that neighbors the
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parking region 300 is detected from a captured image by
the left side camera 33 or the right side camera 35 when
the subject vehicle 5 is traveling on the passage 410, the
parking direction specification unit 134 determines the
type of parking of the parking region 300 to be parallel
parking. In a case where a front surface or a rear surface
of the other vehicle 7 parked at the neighboring region
that neighbors the parking region 300 is detected from
the captured image by the left side camera 33 or the right
side camera 35 when the subject vehicle 5 is traveling
on the passage 410, the parking direction specification
unit 134 determines the type of parking of the parking
region 300 to be side-by-side parking.

[0052] In a case where the other vehicles 7 are parked
on both sides of the parking region 300, the parking di-
rection specification unit 134 may compare the distance
between the other vehicles 7 parked on the both sides
with a reference value setin advance and thereby deter-
mine whether the parking mode is parallel parking or side-
by-side parking. In a case of parallel parking, the distance
betweenthe other vehicles 7 is greater than the reference
value, and in a case of side-by-side parking, the distance
between the other vehicles 7 is smaller than the reference
value.

[0053] FIG. 6 illustrates a state where the subject ve-
hicle 5 is moved to the parking region 300 illustrated in
FIG. 4.

[0054] In a case where the parking direction specifica-
tion unit 134 determines that the subject vehicle 5 and
the other vehicles 7 are in the positional relationship il-
lustrated in FIG. 4 and the type of parking is parallel park-
ing, the parking direction specification unit 134 deter-
mines the parking direction to be a direction in parallel
with the front-rear axis 8 of the subject vehicle 5. The
parking direction is the direction in which the front-rear
axis 8 of the subject vehicle 5 is directed in a case where
the subject vehicle 5 is parked at the parking region 300
based on the direction of the front-rear axis 8 or the width
direction 9 of the subject vehicle 5 in the present position
illustrated in FIG. 4. In the case of parallel parking, when
the subject vehicle 5 is parked at the parking region 300,
the direction of the front-rear axis 8 of the subject vehicle
5 that is not moved yet and the direction of the front-rear
axis 8 of the subject vehicle 5 that is already moved be-
come generally parallel directions as illustrated in FIG.
6. Note that the subject vehicle 5 that is not moved yet
is indicated by broken lines in FIG. 6, and the subject
vehicle 5 that is already moved is indicated by solid lines
in FIG. 6. In this case, the parking direction specification
unit 134 determines the parking direction to be a direction
in parallel with the front-rear axis 8 of the subject vehicle
5.

[0055] FIG. 7 illustrates a state where the subject ve-
hicle 5illustrated in FIG. 5 is parked at the parking region
300.

[0056] In a case where the parking direction specifica-
tion unit 134 determines that the subject vehicle 5 and
the other vehicles 7 are in the positional relationship il-
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lustrated in FIG. 5 and the type of parking is side-by-side
parking, the parking direction specification unit 134 de-
termines the parking direction to be a direction in parallel
with the width direction 9 of the subject vehicle 5. In the
case of side-by-side parking, when the subject vehicle 5
is parked at the parking region 300, the width direction 9
of the subject vehicle 5 that is not moved yet and the
direction of the front-rear axis 8 of the subject vehicle 5
that is already moved become generally parallel direc-
tions asiillustrated in FIG. 7. Note that in FIG. 7, the sub-
ject vehicle 5 that is not moved yet is indicated by broken
lines, and the subject vehicle 5 that is already moved is
indicated by solid lines. In this case, the parking direction
specification unit 134 determines the parking direction to
be a direction in parallel with the width direction 9 of the
subject vehicle 5.

[0057] FIG. 8isadiagram thatillustrates a state where
the parking region 300 is seen from above. In particular,
FIG. 8 is a diagram that illustrates a state where a ten-
tative parking space 310 is set.

[0058] The tentative parking space setting unit 135
sets the tentative parking space 310 in the parking region
300 seton the map 200. The tentative parking space 310
represents a tentative parking position in a case where
the subject vehicle 5 is parked at the parking region 300.
For example, as illustrated in FIG. 8, in a case where
other vehicles 7A and 7B are parked on both sides in the
longitudinal direction (the direction of the front-rear axis
8 of the subject vehicle 5) of the parking region 300, the
tentative parking space setting unit 135 sets the position
of the tentative parking space 310 in the longitudinal di-
rection of the parking region 300 to an intermediate po-
sition between the other vehicle 7A and the other vehicle
7B. In a case where the other vehicle 7 is parked on one
side in the longitudinal direction of the parking region
300, the tentative parking space setting unit 135 sets the
position of the tentative parking space 310 in the longi-
tudinal direction of the parking region 300 such that the
distance to the other vehicle 7 becomes a distance set
in advance.

[0059] The tentative parking space setting unit 135
sets the position of the tentative parking space 310 in the
lateral direction (width direction 9) of the parking region
300 based on the distances between the subject vehicle
5 and the other vehicles 7A and 7B.

[0060] For example, the tentative parking space set-
ting unit 135 detects side surfaces of the other vehicles
7A and 7B and sets the position of the tentative parking
space 310 in the width direction based on the distances
between the detected side surfaces and the front-rear
axis 8 of the subject vehicle 5. For example, the tentative
parking space setting unit 135 sets a portion between a
front wheel and a rear wheel of the other vehicle 7A as
a side surface S of the other vehicle 7A and respectively
obtains the distances between plural selected points on
the side surface S and the front-rear axis 8 of the subject
vehicle 5. The tentative parking space setting unit 135
sets a portion between a front wheel and a rear wheel of
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the other vehicle 7B as a side surface T of the other ve-
hicle 7B and respectively obtains the distances between
plural selected points on the side surface T and the front-
rear axis 8 of the subject vehicle 5. The tentative parking
space setting unit 135 calculates the average value of
the obtained distances between the plural points on the
side surfaces S and T and the front-rear axis 8 and sets
the calculated average value as the position of the ten-
tative parking space 310 in the width direction of the sub-
ject vehicle 5.

[0061] FIG. 9 and FIG. 10 are diagrams that illustrate
a detection range 350.

[0062] The detection range setting unit 136 sets the
detection range 350 on the map 200 based on the present
position of the subject vehicle 5. The detection range 350
is a range for detecting obstacles such as the other ve-
hicles 7, a curb, a guard rail, a wall, and a fence. For
convenience of description, FIG. 9 illustrates the detec-
tion range 350 while superimposing that on the subject
vehicle 5 and the other vehicles 7, but actually, the de-
tection range setting unit 136 sets the detection range
350 on the map 200. FIG. 10illustrates a state where the
detection range 350 is set on the map 200. Although the
detection range 350 is indicated by solid lines in FIG. 10,
datathatindicates the detection range 350 does nothave
to be recorded on the map 200, but the coordinates or
the like on the map 200, which correspond to the detec-
tion range 350, may be recorded in the memory 110.
Note that in FIG. 10, the position of the subject vehicle 5
is indicated by broken lines to make clear the positional
relationship between the subject vehicle 5 and the de-
tection range 350.

[0063] Thelongitudinal direction of the detection range
350 is set to a direction in parallel with the front-rear axis
8 of the subject vehicle 5. The detection range 350 in-
cludes three ranges of a first detection range 360, a sec-
ond detection range 370, and a third detection range 380.
The first detection range 360 is set as a range that in-
cludes the parking region 300. The size of the first de-
tection range 360 in the width direction 9 of the subject
vehicle 5 is set wider than the parking region 300 in order
to detect obstacles such as a curb, a guard rail, a wall,
and a fence, for example.

[0064] The second detection range 370 and the third
detection range 380 are ranges that neighbor the first
detection range 360. The second detection range 370 is
a region that abuts on the first detection range 360 in a
front area in the direction of the front-rear axis 8 of the
subject vehicle 5. The third detection range 380 is a re-
gion that abuts on the first detection range 360 in a rear
area in the direction of the front-rear axis 8 of the subject
vehicle 5.

[0065] The lengths of the second detection range 370
and the third detection range 380 in the direction of the
front-rear axis 8 of the subject vehicle 5 are set based
on the size in which the full length of a vehicle is detect-
able, for example. For example, in a case where it is
detected that the other vehicle 7 is a bus or a truck based
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on a captured image by the image-capturing unit 30, the
length of the second detection range 370 or the third de-
tection range 380 in the longitudinal direction may be
changed such that the detection range corresponds to
the bus or truck.

[0066] FIG. 11 is a diagram that illustrates a state
where the detection range 350 is divided into plural di-
vided ranges.

[0067] Thedivisionunit137 dividesthe detectionrange
350 set by the detection range setting unit 136 and there-
by generates plural divided ranges. In a case where the
parking direction specification unit 134 determines the
parking direction to be a direction in parallel with the di-
rection of the front-rear axis 8 of the subject vehicle 5,
the division unit 137 determines a division direction of
the detection range 350 to be a direction orthogonal to
the direction of the front-rear axis 8 of the subject vehicle
5. "The direction orthogonal to the direction of the front-
rear axis 8 of the subject vehicle 5" is a direction that is
associated with a case where the parking direction is
determined to be a direction in parallel with the direction
of the front-rear axis 8 of the subject vehicle 5. In a case
where the parking direction specification unit 134 deter-
mines the parking direction to be a direction in parallel
with the width direction 9 of the subject vehicle 5, the
division unit 137 determines the division direction of the
detection range 350 to be a direction orthogonal to the
width direction 9 of the subject vehicle 5. "The direction
orthogonal to the width direction 9 of the subject vehicle
5" is a direction that is associated with a case where the
parking direction is determined to be adirectionin parallel
with the width direction 9 of the subject vehicle 5.
[0068] FIG. 11 illustrates a state where each of the first
detection range 360, the second detection range 370,
and the third detection range 380 is equally divided into
eight portions in the direction orthogonal to the direction
of the front-rear axis 8 of the subject vehicle 5.

[0069] Thefirstdetectionrange 360 is dividedinto eight
regions of a divided range 361, a divided range 362, a
divided range 363, a divided range 364, a divided range
365, a divided range 366, a divided range 367, and a
divided range 368.

[0070] The second detection range 370 is divided into
eightregions of adivided range 371, adivided range 372,
adivided range 373, adivided range 374, adivided range
375, a divided range 376, a divided range 377, and a
divided range 378.

[0071] The third detection range 380 is divided into
eightregions of a divided range 381, a divided range 382,
adivided range 383, a divided range 384, adivided range
385, a divided range 386, a divided range 387, and a
divided range 388.

[0072] Note that although FIG. 11 illustrates the state
where each of the first detection range 360, the second
detection range 370, and the third detection range 380
is equally divided into eight portions, the number of divi-
sions is not limited to eight but may be an arbitrary
number. The numbers of divisions may be different
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among the firstdetection range 360, the second detection
range 370, and the third detection range 380.

[0073] The bearing calculation unit 138 detects the
bearing of an obstacle in each of the divided ranges 361
to 368, 371 to 378, and 381 to 388.

[0074] For example, describing the divided range 361
of the first detection range 360 as an example, the bear-
ing calculation unit 138 refers to a region on the map 200
that corresponds to the divided range 361 and specifies
pixels on the map 200, the pixels in which the data 210
which indicates that an obstacle is detected is recorded.
In a case where at least two or more pixels in which the
data 210 is recorded are detected in the divided range
361, the bearing calculation unit 138 calculates the co-
efficient of a model function based on the method of least
squares such that the squared error between the model
function and the coordinate values of the pixels in which
the data 210 is recorded becomes the minimum and de-
tects the bearing of the obstacle in the divided range 361.
On the map 200, the distance to a side surface of an
obstacle that faces the subject vehicle 5 is recorded.
Thus, in a case where at least two or more pixels in which
the data 210 is recorded are detected, the bearing of the
obstacle is detected based on the method of least
squares, and the bearing of the side surface of the ob-
stacle thatfaces the subject vehicle 5 is thereby specified.
[0075] The bearing calculation unit 138 performs sim-
ilar processing for the other divided ranges 362 to 368.
Further, the bearing calculation unit 138 performs similar
processing for the divided ranges 371 to 378 and 381 to
388 of the second detection range 370 and the third de-
tection range 380 and detects the bearing of an obstacle
in each of the divided ranges 371 to 378 and 381 to 388.
Note that in case where only one piece of data 210 that
indicates an obstacle is detected is detected in the region
on the map 200 that corresponds to the divided range or
a case where the data 210 is not recorded, the bearing
calculation unit 138 determines that an obstacle is not
present in this divided range.

[0076] Next,the bearing calculation unit 138 calculates
the bearing of the tentative parking space 310. The bear-
ing calculation unit 138 calculates the longitudinal direc-
tion of the tentative parking space 310 set on the map
200 as the bearing of the tentative parking space 310.
[0077] Next,the bearing calculation unit 138 compares
the bearing of the obstacle which is calculated for each
of the divided ranges 361 to 368 as the divided ranges
of the first detection range 360 with the bearing of the
tentative parking space 310.

[0078] The bearing calculation unit 138 causes the
memory 110 to store the bearings, whose differences
from the bearing of the tentative parking space 310 are
smaller than a threshold value, among the bearings of
the obstacle in the divided ranges 361 to 368 and deletes
the bearings, whose differences from the bearing of the
tentative parking space 310 are the threshold value or
greater, without causing the memory 110 to store those.
A front end portion or a rear end portion of the other ve-
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hicle 7 may be configured with a curve such as a bumper,
for example. In a case where this curved portion is de-
tected as the bearing of the obstacle and the bearing of
the other vehicle 7 is calculated by using the detected
bearing, the bearing of the other vehicle 7 may include
an error and thus not become a preferable bearing. Thus,
the bearing calculation unit 138 excludes the bearings in
the divided ranges 361 to 368, whose differences from
the bearing of the tentative parking space 310 are the
threshold value set in advance or greater, from the bear-
ings subjected to calculation of the average value.
[0079] The bearing calculation unit 138 also compares
the bearing of the obstacle which is calculated for each
of the divided ranges 371 to 378 as the divided ranges
of the second detection range 370 with the bearing of the
tentative parking space 310. The bearing calculation unit
138 causes the memory 110 to store the bearings, whose
differences from the bearing of the tentative parking
space 310 are smaller than the threshold value, among
the bearings of the obstacle in the divided ranges 371 to
378 and deletes the bearings, whose differences from
the bearing of the tentative parking space 310 are the
threshold value or greater, without causing the memory
110 to store those.

[0080] Similarly, the bearing calculation unit 138 also
compares the bearing of the obstacle which is calculated
for each of the divided ranges 381 to 388 as the divided
ranges of the third detection range 380 with the bearing
of the tentative parking space 310. The bearing calcula-
tion unit 138 causes the memory 110 to store the bear-
ings, whose differences from the bearing of the tentative
parking space 310 are smaller than the threshold value,
among the bearings of the obstacle in the divided ranges
381 to 388 and deletes the bearings, whose differences
from the bearing of the tentative parking space 310 are
the threshold value or greater, without causing the mem-
ory 110 to store those.

[0081] FIG.12isadiagram thatillustratesthe detection
range 350.
[0082] FIG. 12illustrates a state where the other vehi-

cles 7A and 7B are parked along a shoulder of a road.
The road is largely bent, and directions are largely differ-
ent between the bearing of the side surface of the other
vehicle 7A which is detected in the second detection
range 370 and the bearing of the side surface of the other
vehicle 7B which is detected in the third detection range
380. In such a case, in a case where the average value
of the bearing of the obstacle which is detected in the
second detection range 370 and the bearing of the ob-
stacle which is detected in the third detection range 380
is set as the bearing of the tentative parking space 310,
the bearing of the subject vehicle 5 parked at the parking
region 300 may not become a preferable bearing. Thus,
in this embodiment, the bearings, whose differences from
the bearing of the tentative parking space 310 are the
threshold value or greater, among the bearings of the
obstacle in the divided ranges 371 to 378 as the divided
ranges of the second detection range 370 are deleted
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without causing the memory 110 to store those. Similarly,
the bearings, whose differences from the bearing of the
tentative parking space 310 are the threshold value or
greater, among the bearings of the obstacle in the divided
ranges 381 to 388 as the divided ranges of the third de-
tection range 380 are deleted without causing the mem-
ory 110 to store those.

[0083] Next, the bearing calculation unit 138 acquires
the bearings of the obstacle in the divided ranges 361 to
368 from the memory 110. The bearing calculation unit
138 does not acquire the bearings, which are deleted
without causing the memory 110 to store, among the di-
vided ranges 361 to 368. The bearing calculation unit
138 acquires the bearings of the obstacle in the divided
ranges 361 to 368 and then obtains the average value
of the acquired bearings of the obstacle. The obtained
bearing of the obstacle is stored as the bearing of the
obstacle in the first detection range 360 in the memory
110.

[0084] Similarly, the bearing calculation unit 138 ac-
quires the bearings of the obstacle in the divided ranges
371 to 378 from the memory 110. The bearing calculation
unit 138 does not acquire the bearings, which are deleted
without causing the memory 110 to store, among the di-
vided ranges 371 to 378. The bearing calculation unit
138 acquires the bearings of the obstacle which corre-
spond to the divided ranges 371 to 378 and then obtains
the average value of the acquired bearings of the obsta-
cle. The obtained bearing of the obstacle is stored as the
bearing of the obstacle in the second detection range
370 in the memory 110.

[0085] Similarly, the bearing calculation unit 138 ac-
quires the bearings of the obstacle in the divided ranges
381 to 388 from the memory 110. The bearing calculation
unit 138 does not acquire the bearings, which are deleted
without causing the memory 110 to store, among the di-
vided ranges 381 to 388. The bearing calculation unit
138 acquires the bearings of the obstacle which corre-
spond to the divided ranges 381 to 388 and then obtains
the average value of the acquired bearings of the obsta-
cle. The obtained bearing of the obstacle is stored as the
bearing of the obstacle in the third detection range 380
in the memory 110.

[0086] The parking position setting unit 139 deter-
mines whether or not the bearing of the obstacle in the
first detection range 360 is calculated by the bearing cal-
culation unit 138. In a case where the bearing of the ob-
stacle in the first detection range 360 is calculated, the
parking position setting unit 139 sets the parking position
based on the calculated bearing of the obstacle in the
first detection range 360 and the tentative parking space
310. For example, the parking position setting unit 139
sets the bearing of the parking position to the bearing of
the obstacle in the first detection range 360 and sets the
sizes of the parking position in vertical and horizontal
directions to the sizes that correspond to the sizes of the
tentative parking space 310.

[0087] Becausethefirstdetectionrange 360isaregion
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that includes the parking region 300, the other vehicle 7
is not detected as an obstacle in the first detection range
360. In the first detection range 360, a curb, a guard rail,
a wall, or the like is detected as an obstacle. Thus, the
bearing of the parking position is caused to agree with
the bearing of a curb or a guard rail, the subject vehicle
5 may thereby be parked along the curb or the guard rail,
and the bearing of the parked subject vehicle 5 may be
set to a preferable bearing.

[0088] In a case where the bearing of the obstacle in
the first detection range 360 is not calculated, the parking
position setting unit 139 sets the parking position based
on the average value of the bearing of the obstacle in the
second detection range 370 and the bearing of the ob-
stacle in the third detection range 380 and the tentative
parking space 310. Accordingly, in a case where the other
vehicle 7 is parked at at least one of the front area and
the rear area in the direction of the front-rear axis 8 of
the subject vehicle 5, the bearing of the subject vehicle
5 in the parking position may be caused to match the
bearing of the other vehicle 7 as the obstacle.

[0089] FIG. 13 is a diagram that illustrates the first de-
tection range 360, the second detection range 370, and
the third detection range 380 in a case where the type of
parking is side-by-side parking and illustrates a state
where those ranges are divided into plural divided rang-
es.

[0090] Inacase wherethetype of parking of the subject
vehicle 5 is side-by-side parking, the parking direction
specification unit 134 determines the parking direction to
be a direction in parallel with the width direction 9 of the
subject vehicle 5. In a case where the parking direction
of the subject vehicle 5 is a direction in parallel with the
width direction 9, the division unit 137 divides the first
detection range 360, the second detection range 370,
and the third detection range 380 in adirection orthogonal
to the width direction 9 as a direction associated with the
parking direction. Then, the bearing calculation unit 138
calculates the bearing of an obstacle which is detected
in each of the divided ranges 361 to 368, 371 to 378, and
381 to 388, which result from division of the first detection
range 360, the second detection range 370, and the third
detection range 380. Subsequently, the bearing calcula-
tion unit 138 calculates the average value of the bearings
of the obstacle in the divided ranges 361 to 368 as the
bearing of the obstacle in the first detection range 360.
Similarly, the bearing calculation unit 138 calculates the
average value of the bearings of the obstacle in the di-
vided ranges 371 to 378 as the bearing of the obstacle
in the second detection range 370 and calculates the
average value of the bearings of the obstacle in the di-
vided ranges 381 to 388 as the bearing of the obstacle
in the third detection range 380.

[0091] The parking route calculation unit 140 calcu-
lates the parking route that reaches the parking position
set by the parking position setting unit 139 from the
present position of the subject vehicle 5. The parking
route includes a turn-about position necessary for move-
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ment to the parking position. The parking route is defined
as a line and further defined as a belt-like region in con-
sideration of a vehicle width of the subject vehicle 5.
[0092] FIG. 14 is a flowchart that illustrates an action
of the parking assistance device 100 of this embodiment.
[0093] The action of this embodiment will be described
with reference to the flowchart illustrated in FIG. 14.
[0094] First, the parking assistance device 100 ac-
quires the detection information by the sensor unit 10 or
a captured image by the image-capturing unit 30 from
the memory 110 (step S1).

[0095] The parking assistance device 100 detects an
obstacle present around the subject vehicle 5 by analyz-
ing the acquired detection information by the sensor unit
10 or a transformed image. The parking assistance de-
vice 100 records the data 210, which indicates that the
obstacle is present, in the position on the map 200 which
corresponds to the distance or bearing of the detected
obstacle and thereby generates the map 200 (step S2).
Step S2 corresponds to "obstacle detection step” of the
present invention.

[0096] Next,the parking assistance device 100 detects
the parking region 300 (step S3). Step S3 corresponds
to "parking region detection step" of the present inven-
tion.

[0097] First, the parking assistance device 100 ac-
quires the map data 75 that includes the present position
of the subject vehicle 5 from the navigation device 50.
The parking assistance device 100 refers to the map 200
and detects a region that has an expanse in which the
subject vehicle 5 is capable of being parked and does
not hinder travel of the other vehicle 7 when the subject
vehicle 5 is parked. The parking assistance device 100
determines whether or not the detected region is a place
in which parking or stopping is prohibited such as a park-
ing-stopping prohibited roadside zone, a pedestrian
roadside zone, a parking-stopping prohibited place, or a
stopping prohibited place by referring to the map data
75. In a case where parking and stopping are not prohib-
ited in the detected region, the parking assistance device
100 determines the detected region to be the parking
region.

[0098] Next, the parking assistance device 100 deter-
mines the type of parking of the parking region 300 and
specifies the parking direction (step S4). Step S4 corre-
sponds to "parking direction specification step" of the
present invention.

[0099] For example, in a case where the side surface
of the other vehicle 7 is detected from a captured image
by the left side camera 33 or the right side camera 35,
the parking assistance device 100 determines the type
of parking of the parking region 300 to be parallel parking.
In a case where the front surface or the rear surface of
the other vehicle 7 is detected from a captured image by
the left side camera 33 or the right side camera 35, the
parking assistance device 100 determines the type of
parking of the parking region 300 to be side-by-side park-
ing. In a case where the type of parking is determined to
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be parallel parking, the parking assistance device 100
specifies the parking direction to be a direction in parallel
with the direction of the front-rear axis 8 of the subject
vehicle 5. In a case where the type of parking is side-by-
side parking, the parking direction specification unit 134
specifies the parking direction to be a direction in parallel
with the width direction 9 of the subject vehicle 5.
[0100] Next, the parking assistance device 100 sets
the tentative parking space 310 on the map 200 (step
S5). Step S5 corresponds to "tentative parking space
setting step" of the present invention.

[0101] For example, as illustrated in FIG. 8, in a case
where the other vehicles 7A and 7B are parked on the
both sides in the longitudinal direction of the parking re-
gion 300, the tentative parking space setting unit 135
sets the position of the tentative parking space 310 in the
direction of the front-rear axis 8 of the subject vehicle 5
toapositionin equivalentdistances fromthe othervehicle
7A and the other vehicle 7B.

[0102] The parking assistance device 100 sets the po-
sition of the tentative parking space 310 in the width di-
rection 9 of the subject vehicle 5 based on the distances
between the subject vehicle 5 and the other vehicles 7A
and 7B. For example, the tentative parking space setting
unit 135 detects the side surfaces of the other vehicles
7A and 7B and sets the position of the tentative parking
space 310 in the width direction based on the distances
between the detected side surfaces and the front-rear
axis 8 of the subject vehicle 5.

[0103] Next, the parking assistance device 100 spec-
ifies the bearing of the tentative parking space 310 (step
S6). The parking assistance device 100 calculates the
longitudinal direction of the tentative parking space 310
seton the map 200 as the bearing of the tentative parking
space 310.

[0104] Next, the parking assistance device 100 sets
the first detection range 360, the second detection range
370, and the third detection range 380 on the map 200
while setting the present position of the subject vehicle
5 as a reference (step S7). Step S7 corresponds to "de-
tection range setting step" of the present invention.
[0105] Next, the parking assistance device 100 re-
spectively divides the first detection range 360, the sec-
ond detection range 370, and the third detection range
380 into plural divided ranges 361 to 368, 371 to 378,
and 381 to 388 (step S8). Step S8 corresponds to "divi-
sion step" of the presentinvention. Here, in a case where
the parking direction specified in step S4 is a direction in
parallel with the direction of the front-rear axis 8 of the
subject vehicle 5, the parking assistance device 100 di-
vides the first detection range 360, the second detection
range 370, and the third detectionrange 380 in adirection
orthogonal to the direction of the front-rear axis 8. In a
case where the parking direction specified in step S4 is
a direction in parallel with the width direction 9 of the
subject vehicle 5, the parking assistance device 100 di-
vides the first detection range 360, the second detection
range 370, and the third detectionrange 380 in adirection
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orthogonal to the width direction.

[0106] Next, the parking assistance device 100 selects
one of the divided ranges (step S9). The parking assist-
ance device 100 refers to a region on the map which
corresponds to the selected divided range and deter-
mines whether or not an obstacle is detected at at least
two points in the divided range (step S10). In a case
where an obstacle is not detected at at least two points
in the divided range (step S10: NO), the parking assist-
ance device 100 moves to a determination in step S14
and determines whether or not all the divided ranges are
selected.

[0107] In a case where an obstacle is detected at at
least two points in the divided range (step S10: YES),
the parking assistance device 100 calculates the bearing
of the obstacle in the divided range (step S11). Step S11
corresponds to "bearing calculation step" of the present
invention. Specifically, the parking assistance device 100
calculates the coefficient of the model function based on
the method of least squares such that the squared error
between the model function and the coordinate values
of the pixels in which the data 210 is recorded becomes
the minimum and detects the bearing of the obstacle in
the divided range.

[0108] Next, the parking assistance device 100 deter-
mines whether or not the difference between the calcu-
lated bearing of the obstacle in the divided range and the
bearing of the tentative parking space 310is the threshold
value or greater (step S12). In a case where the differ-
ence between the bearing of the obstacle in the divided
range and the bearing of the tentative parking space 310
is the threshold value or greater (step S12: YES), the
parking assistance device 100 discards the calculated
bearing and moves to the determination in step S14.
[0109] In a case where the difference between the
bearing of the obstacle in the divided range and the bear-
ing of the tentative parking space 310 is smaller than the
threshold value (step S12: NO), the parking assistance
device 100 causes the memory 110 to store the bearing
of the obstacle in the divided range (step S13).

[0110] Next, the parking assistance device 100 deter-
mines whether or not all the divided ranges are selected
(step S14). In a case where all the divided ranges are
not selected (step S14: NO), the parking assistance de-
vice 100 returns to a processing of step S9 and selects
one of the divided ranges. In a case where all the divided
ranges are selected (step S14: YES), the parking assist-
ance device 100 determines whether or not the bearings
of the obstacle are calculated in the divided ranges 361
to 368 resulting from division of the first detection range
360 (step S15).

[0111] In a case where the bearings of the obstacle in
the divided ranges 361 to 368 resulting from division of
the first detection range 360 are detected (step S15:
YES), the parking assistance device 100 calculates the
average value of the bearings in the divided ranges 361
to 368included in the first detection range 360 (step S16).
Then, the parking assistance device 100 sets the parking
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position based on the tentative parking space 310 and
the calculated average value of the bearings in the first
detection range 360. That is, the parking assistance de-
vice 100 sets the bearing of the parking position to the
average value of the bearings in the first detection range
360 (step S18) and sets the sizes of the parking position
in the vertical and horizontal directions to the sizes that
correspond to the sizes of the tentative parking space
310. Then, the parking assistance device 100 calculates
the parking route that reaches the set parking position
(step S19) and outputs information of the calculated park-
ing route to the vehicle control unit 90. Step S18 corre-
sponds to "parking position setting step" of the present
invention.

[0112] In a case where the bearings of the obstacles
are notdetectedin the divided ranges 361 to 368 included
in the first detection range 360 (step S15: NO), the park-
ing assistance device 100 calculates the average value
of the bearings of the obstacle in the divided ranges 371
to 378 included in the second detection range 370 as the
bearing of the obstacle in the second detection range
370. Similarly, the parking assistance device 100 calcu-
lates the average value of the bearings of the obstacle
in the divided ranges 381 to 388 included in the third
detection range 380 as the bearing of the obstacle in the
third detection range 380. Then, the parking assistance
device 100 calculates the average value of the detected
bearing of the obstacle in the second detection range
370 and the detected bearing of the obstacle in the third
detection range 380 (step S17). The parking assistance
device 100 sets the parking position based on the tenta-
tive parking space 310 and the calculated average value
of the bearings in the second detection range 370 and
the third detection range 380. That is, the parking assist-
ance device 100 sets the bearing of the parking position
to the average value of the bearings in the second de-
tection range 370 and the third detection range 380 (step
S18) and sets the sizes of the parking position in the
vertical and horizontal directions to the sizes that corre-
spond to the sizes of the tentative parking space 310.
Then, the parking assistance device 100 calculates the
parking route that reaches the set parking position (step
S19) and outputs the information of the calculated park-
ing route to the vehicle control unit 90. Step S18 corre-
sponds to "parking position setting step" of the present
invention.

[0113] Asdescribed above, the parking assistance de-
vice 100 of this embodiment includes the parking region
detection unit 133, the parking direction specification unit
134, the obstacle detection unit 132, the detection range
setting unit 136, the division unit 137, the bearing calcu-
lation unit 138, and the parking position setting unit 139.
[0114] The parking region detection unit 133 detects
the parking region 300 at which the subject vehicle 5 on
which the parking assistance device 100 is mounted is
capable of being parked.

[0115] The parking direction specification unit 134
specifies the parking direction in a case where the subject
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vehicle 5 is parked at the parking region 300.

[0116] The obstacle detection unit 132 detects an ob-
stacle present around the subject vehicle 5.

[0117] The detection range setting unit 136 sets a re-
gion that includes the parking region 300 and a region
which neighbors the parking region 300 as the detection
range 350 for detecting the bearing of an obstacle.
[0118] Thedivisionunit137 dividesthe detectionrange
350 in the direction associated with the parking direction
specified by the parking direction specification unit 134
and thereby generates plural divided ranges 361 to 368,
371 to 378, and 381 to 388.

[0119] The bearing calculation unit 138 calculates the
bearing of the obstacle detected by the obstacle detec-
tion unit 132, which is the bearing of a side surface of the
obstacle which extends in the parking direction, for each
of the divided ranges 361 to 368, 371 to 378, and 381 to
388. The bearing calculation unit 138 calculates the av-
erage values of the bearings of the obstacles that are
respectively calculated in the divided ranges 361 to 368,
371 to 378, and 381 to 388.

[0120] The parking position setting unit 139 sets the
parking position based on the average value of the bear-
ings of the obstacle in a case where the subject vehicle
5 is parked at the parking region 300.

[0121] Consequently, in this embodiment, the bearing
of the parking position may be set to the average values
of the bearings of the obstacles that are respectively cal-
culated in the divided ranges 361 to 368, 371 to 378, and
381 to 388. For example, in a case where the other ve-
hicle 7 is detected as an obstacle, the bearing in a case
where the subject vehicle 5 is parked may be set to the
average value of the respective bearings of the side sur-
face of the other vehicle 7 in the divided ranges. Thus,
the subject vehicle 5 may be parked in accordance with
the bearing of the other vehicle 7.

[0122] The detection range 350 includes the first de-
tection range 360 that includes the parking region 300
and the second detection range 370 and the third detec-
tion range 380 that neighbor the first detection range 360.
[0123] The division unit 137 respectively divides the
first detection range 360, the second detection range
370, and the third detection range 380 into plural portions
and generates the divided ranges 361 to 368, 371 to 378,
and 381 to 388.

[0124] The bearing calculation unit 138 calculates the
average value of the bearings of the obstacle for each of
the detection ranges, which are the first detection range
360, the second detection range 370, and the third de-
tection range 380. In a case where the bearings of the
obstacle are calculated in the divided ranges 361 to 368
resulting from division of the first detection range 360,
the bearing calculation unit 138 outputs the average val-
ue of the calculated bearings of the obstacle in the divided
ranges 361 to 368 as the bearing.

[0125] Consequently, in a case where an obstacle is
detected in the first detection range 360 that includes the
parking region, the bearing of the subject vehicle 5 in the
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parking position may be caused to match the bearing of
the obstacle detected in the first detection range 360.
Because an obstacle detected in the first detection range
360 that includes the parking region 300 is a guard rail,
a curb, a fence, or the like, the subject vehicle 5 may be
parked along the extending direction of such an obstacle.
[0126] In a case where the bearings of the obstacle
are not calculated in the divided ranges 361 to 368 re-
sulting from division of the first detection range 360, the
bearing calculation unit 138 respectively calculates the
average value of the bearings of the obstacle, which are
calculated in the divided ranges 371 to 378 resulting from
division of the second detection range 370, and the av-
erage value of the bearings of the obstacle, which are
calculated in the divided ranges 381 to 388 resulting from
division of the third detection range 380.

[0127] The bearing calculation unit 138 outputs the av-
erage value of the calculated average value of the bear-
ings of the obstacle in the second detection range 370
and the calculated average value of the bearings of the
obstacle in the third detection range 380 as the bearing.
[0128] Consequently, in a case where an obstacle is
not detected in the first detection range 360 that includes
the parking region, the bearing of the subject vehicle 5
in the parking position may be set to the average value
of the bearings of the obstacles detected in the second
detection range 370 and the third detection range 380.
Thus, the bearing of the subject vehicle 5 in the parking
position may be caused to match the bearings of the other
vehicles 7 that are parked at regions neighboring the
parking region 300.

[0129] The parking assistance device 100 includes the
tentative parking space setting unit 135 that sets the ten-
tative parking space 310 for parking the subject vehicle
5 in the parking region 300. The bearing calculation unit
138 obtains the bearing of the tentative parking space
310 set by the tentative parking space setting unit 135.
The bearing calculation unit 138 excludes the bearings,
whose differences from the bearing of the tentative park-
ing space 310 are the threshold value set in advance or
greater, from the bearings of the obstacles that are re-
spectively calculated for the divided ranges 361 to 368,
371 to 378, and 381 to 388 and calculates the bearing
of the obstacle for each of the detection ranges, which
are the first detection range 360, the second detection
range 370, and the third detection range 380.

[0130] Consequently, the bearings, whose differences
from the bearing of the tentative parking space 310 are
the threshold value set in advance or greater, may be
excluded from the bearings of the obstacles that are re-
spectively calculated for the divided ranges 361 to 368,
371 to 378, and 381 to 388. Thus, detection precision of
the bearings of the obstacles in the first detection range
360, the second detection range 370, and the third de-
tection range 380 may be enhanced.

[0131] In a case where the parking direction specified
by the parking direction specification unit 134 is a direc-
tion in parallel with the direction of the front-rear axis 8
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of the subject vehicle 5, the division unit 137 divides the
detection ranges in a direction orthogonal to the direction
of the front-rear axis 8 as the direction associated with
the parking direction.

[0132] In a case where the parking direction specified
by the parking direction specification unit 134 is a direc-
tion in parallel with the width direction 9 of the vehicle,
the division unit 137 divides the first detection range 360,
the second detection range 370, and the third detection
range 380 in a direction orthogonal to the width direction
9 as the direction associated with the parking direction.
[0133] Consequently, in a case where the subject ve-
hicle 5 is parked at the parking region 300 in the parking
direction, the first detection range 360, the second de-
tection range 370, and the third detection range 380 may
be divided in the optimal direction in which the bearing
of an obstacle is detectable.

[0134] The above-described embodiment merely rep-
resents one aspect of the present invention as an exam-
ple, and any modification and application are possible
without departing from the scope of the gist of the present
invention.

[0135] For example, FIG. 1 illustrates the sonars 15a
to 15f as the sensors included in the sensor unit 10 as
examples, but the sensor is not limited to the sonar. The
sensor may be a millimeter-wave radar or light detection
and ranging or laser imaging detection and ranging
(LIDAR), for example.

[0136] FIG. 1is a schematic diagram that illustrates a
configuration of the parking assistance device 100 by
categorizing that in accordance with principal processing
contents for easy understanding of the invention of the
application, and the configuration of the parking assist-
ance device 100 may be categorized into more configu-
ration elements in accordance with processing contents.
Categorization may be made such that one configuration
element executes more pieces of processing.

[0137] In acase where a control method of the parking
assistance device of the present invention is realized by
using a computer, a program to be executed by the com-
puter may be configured in a form of a recording medium
or of a transmission medium that transmits the program.
As a recording medium, a magnetic or optical recording
medium or a semiconductor memory device may be
used. Specifically, portable or fixed recording media such
as a flexible disk, a hard disk drive (HDD), a compact
disk read-only memory (CD-ROM), a DVD, a Blu-ray(R)
disk, a magnetooptical disk, a flash memory, and a card
recoding medium may be raised. The above recording
medium may be a non-volatile storage device such as a
RAM, aROM, oran HDD, which s included in the parking
assistance device 100.

[0138] For example, processing units in the flowchart
illustrated in FIG. 14 are divided in accordance with prin-
cipal processing contents for easy understanding of
processing by the parking assistance device 100, and
the presentinvention is not limited by manners of division
or names of processing units. The processing by the
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parking assistance device 100 may be divided into more
processing units in accordance with processing contents.
Division may be made such that one processing unit of
the processing by the parking assistance device 100 in-
cludes more pieces of processing.

Reference Signs List
[0139]
in-vehicle device

1
5 subject vehicle
7 other vehicle

7A other vehicle

7B other vehicle

8 front-rear axis

9 width direction

10 sensor unit

15ato 15f  sonar

30 image-capturing unit

31 front camera

33 left side camera

35 right side camera

37 rear camera

50 navigation device

70 storage unit

75 map data

90 vehicle control unit

100 parking assistance device
110 memory

115 control program

130 processor

131 image processing unit

132 obstacle detection unit

133 parking region detection unit
134 parking direction specification unit
135 tentative parking space setting unit
136 detection range setting unit
137 division unit

138 bearing calculation unit

139 parking position setting unit
140 parking route calculation unit
200 map

210 data

300 parking region

310 tentative parking space
350 detection range

360 first detection range

361 to 368  divided range

370 second detection range
3711t0 378 divided range

380 third detection range

381 to 388  divided range

Claims

1. A parking assistance device characterized by com-
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prising:

a parking region detection unit (133) that detects
a parking region (300) at which a vehicle (5) on
which the parking assistance device is mounted
is capable of being parked;

a parking direction specification unit (134) that
specifies a parking direction in a case where the
vehicle is parked at the parking region;

an obstacle detection unit (132) that detects an
obstacle present around the vehicle;

a detection range setting unit (136) that sets a
region which includes the parking region and a
region which neighbors the parking region, as a
detection range (350) for detecting a bearing of
the obstacle;

a division unit (137) that divides the detection
range in a direction which is associated with the
parking direction specified by the parking direc-
tion specification unit and generates plural di-
vided ranges (361 to 368, 371 to 378, and 381
to 388);

a bearing calculation unit (138) that calculates
a bearing of the obstacle detected by the obsta-
cle detection unit, which is a bearing of a side
surface of the obstacle which extends in the
parking direction, for each of the divided ranges
and calculates an average value of the bearings
ofthe obstacle which are respectively calculated
for the divided ranges; and

a parking position setting unit (139) that sets a
parking position in a case where the vehicle is
parked at the parking region, based on the av-
erage value of the bearings which is calculated
by the bearing calculation unit.

The parking assistance device according to claim 1,
wherein

the detection range includes a first detection range
(360) that includes the parking region and a second
detection range (370) and a third detection range
(380) that neighbor the first detection range,

the division unit divides each of the first detection
range, the second detection range, and the third de-
tection range into plural portions and generates the
divided ranges,

the bearing calculation unit calculates an average
value of bearings of the obstacle for each of the de-
tection ranges, which are the first detection range,
the second detection range, and the third detection
range, and

outputs the average value of the bearings of the ob-
stacle in the first detection range in a case where the
bearings of the obstacle are calculated in the divided
ranges resulting from division of the first detection
range.

The parking assistance device according to claim 2,
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wherein

in a case where the bearings of the obstacle are not
calculated in the divided ranges resulting from divi-
sion of the first detection range, the bearing calcu-
lation unit respectively calculates the average value
of the bearings of the obstacle, which are calculated
in the divided ranges resulting from division of the
second detection range, and the average value of
the bearings of the obstacle, which are calculated in
the divided ranges resulting from division of the third
detection range, and

outputs an average value of the calculated average
value of the bearings of the obstacle in the second
detection range and the calculated average value of
the bearings of the obstacle in the third detection
range.

The parking assistance device according to claim 2
or 3, further comprising

a tentative parking space setting unit (135) that sets
a tentative parking space (310) for parking the vehi-
cle in the parking region, wherein

the bearing calculation unit obtains a bearing of the
tentative parking space set by the tentative parking
space setting unit,

excludes the bearings, whose differences from the
bearing ofthe tentative parking space are athreshold
value set in advance or greater, from the bearings
of the obstacle that are respectively calculated for
the divided ranges, and calculates the bearing of the
obstacle for each of the detection ranges, which are
the first detection range, the second detection range,
and the third detection range.

The parking assistance device according to any one
of claims 1 to 4, wherein

the division unit

divides the detection range in a direction orthogonal
to a front-rear axis direction of the vehicle as the
direction associated with the parking direction in a
case where the parking direction specified by the
parking direction specification unit is a direction in
parallel with the front-rear axis direction of the vehi-
cle, and

divides the detection range in a direction orthogonal
to a width direction of the vehicle as the direction
associated with the parking direction in a case where
the parking direction specified by the parking direc-
tion specification unit is a direction in parallel with
the width direction of the vehicle.

A control method of a parking assistance device, the
method characterized by comprising:

a parking region detection step of detecting a
parking region (300) at which a vehicle (5) on
which the parking assistance device is mounted
is capable of being parked;
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a parking direction specification step of specify-
ing a parking direction in a case where the ve-
hicle is parked at the parking region;

an obstacle detection step of detecting an ob-
stacle present around the vehicle;

a detection range setting step of setting a region
that includes the parking region and a region
which neighbors the parking region, as a detec-
tion range (350) for detecting a bearing of the
obstacle;

a division step of dividing the detection range in
a direction which is associated with the parking
direction specified by the parking direction spec-
ification step and generating plural divided rang-
es (361 to 368, 371 to 378, and 381 to 388);

a bearing calculation step of calculating a bear-
ing of the obstacle detected by the obstacle de-
tection step, which is a bearing of a side surface
of the obstacle which extends in the parking di-
rection, for each of the divided ranges and cal-
culating an average value of the bearings of the
obstacle which are respectively calculated for
the divided ranges; and

a parking position setting step of setting a park-
ing position in a case where the vehicle is parked
atthe parking region based onthe average value
of the bearings which is calculated by the bear-
ing calculation step.

The control method of a parking assistance device
according to claim 6, wherein

the detection range includes a first detection range
(360) that includes the parking region and a second
detection range (370) and a third detection range
(380) that neighbor the first detection range,

in the division step, each of the first detection range,
the second detection range, and the third detection
range is divided into plural portions, and the divided
ranges are generated,

in the bearing calculation step, an average value of
bearings of the obstacle is calculated for each of the
detection ranges, which are the first detection range,
the second detection range, and the third detection
range, and

the average value of the bearings of the obstacle in
the first detection range is output in a case where
the bearings of the obstacle are calculated in the
divided ranges resulting from division of the first de-
tection range.

The control method of a parking assistance device
according to claim 7, wherein

in the bearing calculation step, in a case where the
bearings of the obstacle are not calculated in the
divided ranges resulting from division of the first de-
tection range, the average value of the bearings of
the obstacle, which are calculated in the divided
ranges resulting from division of the second detec-
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tion range, and the average value of the bearings of
the obstacle, which are calculated in the divided
ranges resulting from division of the third detection
range are respectively calculated, and

an average value of the calculated average value of
the bearings of the obstacle in the second detection
range and the calculated average value of the bear-
ings of the obstacle in the third detection range is
output.

The control method of a parking assistance device
according to claim 7 or 8, further comprising

a tentative parking space setting step of setting a
tentative parking space (310) for parking the vehicle
in the parking region, wherein

in the bearing calculation step, a bearing of the ten-
tative parking space set by the tentative parking
space setting step is obtained, and

the bearings, whose differences from the bearing of
the tentative parking space are a threshold value set
in advance or greater, are excluded from the bear-
ings of the obstacle that are respectively calculated
for the divided ranges, and the bearing of the obsta-
cle is calculated for each of the detection ranges,
which are the first detection range, the second de-
tection range, and the third detection range.

The control method of a parking assistance device
according to any one of claims 6 to 9, wherein

in the division step,

the detection range is divided in a direction orthog-
onal to a front-rear axis direction of the vehicle as
the direction associated with the parking direction in
a case where the parking direction specified by the
parking direction specification step is a direction in
parallel with the front-rear axis direction of the vehi-
cle, and

the detection range is divided in a direction orthog-
onal to a width direction of the vehicle as the direction
associated with the parking direction in a case where
the parking direction specified by the parking direc-
tion specification step is a direction in parallel with
the width direction of the vehicle.
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